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BEAM POSITION MONITOR UPGRADE

FOR THE LOS ALAMOS PROTJN STOFIAGE RING

R. E. Shafer, G, Swam, H, A. Thlessen, and R. Macek
Los Alamos National Laboratory

G. Mackenzie and W. Rawnsley
TRIUMF

The baam dlagnostlu for Itro Los Alamos Proton Sbr~e
Ring (PSR) are bging umradd in several areas, including Iho
closod-orbil beam position syslom, Iho hqh-frequency
Iongltudlnal and Iransverea ~am d@nosUca, and the ●xwactton-
Ilne baam-~allion monltodng syslem. This -r daecribes ihe
bask design of thaaa new eymam.

Tho PSR Is a soparawd-funclbn proton storage ring 1
daeignad 10 =umutale up 10 2800 W18 01 Injoclad 800.MaV
prolons from LAMPF, producing an avoraga circulating current

ascaadlrrg 20 A. This stored beam, up to 5 x 1013 pfotono, ic
Ihan oxlr~lad In ● single Ium & pubad neulron rosaarch. Tho

PSR rovoiutbn h~uency, 2.795 MHz, h tlw 72~ subharmonic
of rho WPF baarn-bunching frequency, 201 .2S MHZ,

The PSR d syebm is a einf!lo cawty operating at mc
revolution freqtmcy. TM lnjeded bun is ~ so thal Iharo
aro abut 18 ●mpiy 201 .MHz d Mate WI of 72, Ioaving a gap
of about S0 neec in rlw circulatiw basrn. The rf syalem eervos
!ho pur’@se of mainlakmg W g- so that ~am wc Mn h
minimizuf during tho olr+le-lum ●strtin.

Sbnoa me b~ltud;cd 0fnm0fw20owae ofma injacfadbarn
Is not malchad to tit. ,f -I, the Injaad bemn undar~s a
bunch rolmion during Iho storage qclo (oyrrchrotron parbd
about 1200 ~). ?hta c-woos a mharont ho~.m-tell varlallon
In Iho beam momontum, whkh in turn bemmes a head-to-lall
dlxmont In the high dleperebn ●roae (atmul 2.4 cm
par % A@p). This haod.b.lail db@~merrt b esllmatod fo
M about * 0.3 cm, m ba ~od to mO low maaeured dynamic

The prosonl closod-orbit beam-pooltlm moasurlng

oyslom2 h baaed on alacling tho 201-MHz rnodulatbn on Iho
Irrj.cled beam, whi~ dl~ars kr ~ 10 Me, dua primarlfy
10 rho momonlum eproul of m. beam (~ ~ 0,1%), ●nd Ih@
consqugnt ~.ad In the rwdrdon frque@ae. Ttrua, atthwgh
Iho flrsl fcw Iurrrs of Injecmd b.am Is morrltored wilh lho
proeant syomm, m. main ~ of the mred baun, whkh has
10s1 Ita 20$ MH7 wmponont, is not, In Wtir 10 nmnlfor Iho
posmon of rho ; Iored baam, ma ring beam. ~oltbn syetem Is
balng rc4ecigned to operalo al Iho revolulbrr Irquorrw,
2.0 MHZ.

Llho Ihe PSR, the ●rrmtbn Ilne hwn dl rroalks ●lm aro
%baaed on dalaollng the 201 .Ml+z oomponarw . nco Iho bunch

@hap. b only ro@ly anbll.d ~ @r. PSR rf syolom, thcro h no
w~lhdgfln~ ZO1 .MH: aifucrur. pf.~t, Tho now de~ign for
lho .xlrQclod b?am.llrro dlagn09tlC0 Incorporaloo bslllsllc
lnt~ratlon of tho beam. m,mch current Signalc @or 10 signal
processing, Ieadlng to a podlbn centrold whkh b a curronl.
wolghtad average rather Ihm baln a tlm~everagd poellbn,

Tho 20 beam Woilbn wmnllorc In ma PSR ring 2 sw four

olec410de S&ohm strlpllnaa, .Wh 34 cm long and 400 wkde The
WWvlfy of tho pkkup 10 beam dleplmomont b shout O 66 13B
per mm of beam dbpbwmenl from m. center. Tho tinolroam
ends ar~ b~40rmlnabd, end Iho s@nale !&&r off the upclream
end, Tf’ro beam obgnalc em proporfbnal 10 Iho d.rlvallva of Iho
circulating beam current Uaa of Impedenca. mmchod .W@rres
1s n~~ssary 10 as~,m allowablo Iongitudkral snd Iransveroo
coupllng Impedcncoo at all frquonc.ec Ilkoly 10 bed 10 beam

inst~lltl~. Tha Iargo stored-haarn currams, UP :3 60 A Paah,
prcduca substantial beam s~rrala in fha slnpline electrodes at all
harmonica of Iho ravolulbn fr.quanq,

Clrcui!s using two signal processing Iechniwes were
Cmnslrubd ati I.md on lb PW. Synchronous dalaclion of the
signals from Iho eleclrodaa re@os mixing ●~h etactrocta ,wgnal
with a local oscillator, WfVch Is phaee-l@md 10 the rf bunchel
cavily, Tho w daIuIed signals aro then low-pass filtered.
folbwad by dlffaronca-ovar-sum pmrmealng 10 produca an analog
sqrral rapro.anring tho baam poeitbn.

Ampllludo-to-phaaa modulation conversion (AM/PM),

Won a system ~nad ●t Famnw3, wae elm waluabd, In
this method, tho ampUIude ralb b oonvortad 10 a phase
dlffarerxa et 2.8 MHs, erM W @aa tir.me ie measured,
In Ihlo tmhn~c, m ~+aclllalof e@nal is rqukd.

Th. AWPM clrcrJt looted uead ba~ dtplaxor flllars 10
remova ●tl ml Iho 2.5-MHz fundamental hmrmnkc, u shown m
Flguro 1. A SO~ae phau rmifr b mmmd by a Wdged ‘r all-
pass Wor. Tho chnale waro ~M spilt ●nd rwombinad m
quadmluro S ~rwed the trrprdt.~nal arnplttuda ratb to a phasa
dlffarena with ● w!varati gah of tit 6.6 degreao ~r dB of
input amplh~ dffawce. SgOdcally, fha phaae W’! e al fhc
output la related to Iha Input tmplltutis V+ ●nd V. by Ihw

O - 2 lan.l (V+ N.) . n/2

Tho Ilmltor clrcult dasbn ueod In tht 1.81s on the PSH
consioto~ O/ Iflr.. cl~~ Of ●mirtof.000plti-loglc ditferentlal

~mpllfbm with a gain of *uI 400. Tho Ilmlter OUtpUIS wera
procoeti with Q tido-~~-mlxor Ilncar phase detector,
followed by a 400-KHz low-peso flltor. Slnco Ihti final hmd.r
daslgn muol W. s higher gdrr, tho Ilrrrltor damgn WIII probably
ba hued on m- M h@tr-epaod srn@ltuds ~paratorg such
as me PweaY W3e86.

Llnlrlm

FIGURE 1, Bw Uqram of Iha arr@lfude.lo.phaso conversion
circuit bahlg mnoldared for {m now ring ciOti.orW system

In bo!h tho dltlaronco.ovor .sum and AMIPM signal
procamlng Whnquam lhc Imd.b.lall radial beam chsp.dcomenl
monkned b. craaloI m. o@al phase ahlfb wtwch rwed 10 be
conald.r~, Sp.clkally, sins tho beun In’Qnolly WJrml and the
headto.tail s@nal m. bolh at 2,8 Mhz and In quadrature, Ihere
IS a small olioet In me pfoceoad PWbn oqnal

Bofh clrCultS wera buUt and Iacted on Ihe PSR using ellhw
Wlpline or capecltIvo Orw pkhupe Tho analog ~sllton wgndlf
were flllored 10 romovo Iho 5.6, MHz signal (AM/PM clrculll or



!he 2.8. MHz (synchronous detector circuit) signal. Bolh
circuits welded the same absolule tmsilion to akaul T) 5 mm.
Some mouon m me 170nzontal ~smon iless man 1 mm) was
observed during the storage cycle This may have been due 10
el~lronic pr~essing errors, synchrotrons osclllallons, or d~dx
losses m the strl*f 1011.

Other baam.pcmion pidups in the rmg diagnostics
upgrade include a four. el~lrode, wide-band smphne
pIduJp wlih an 800-MHz remnsa. and IWO dual-axis
Capacitive-lypa pickup electrode slruc!ures separated by
atmul 90 degrees of balalron phasa fdvarce The smpline
pIdLup. which produces a h~hly differentialad wgnal, WIII be
used for WwOatigallOn of high frequency effects, such as
Iongltudlnal and tranavoraa baam microwave msmbdihes. The
four capacnivy pckupe, which aro diagonally.cul cylinde-s to
prwde a s+gnd highly linear m beam dbphc.mont Irc.n Iha
cenlerllne, are shunted with suftlcionl capacllarwo 10 pfovlcle
signals Ihal are reprmanlallve of the clrcubting current, They
will b. used for moasurmg injection stowing and dwachon
arrors by obaorvmlon of balalron Oecillalions, WmYgy. and
phaao. mjoctlon ●rrors by observation of synchrolron
o$cillahone, furn-~y-lurn posilbn meaauromonls, evolul!en of
Iransvarse-phase. spmo ●llipses, fractional.lune measurement
using faat Fourier tranalorma. ●nd other Iow. frequency

The c~tv@ ~~ •wr~s, with shunt c~ltance m
IfW r- 012 nf in @rallel with ● 1 Megohm resistor, need 10 ba
impdance-malch.d 10 a SO.ohm Iransmlosion Iina by a r#d-
hard ecttva ampltfier circuit unlhin about 30 cm of the pckup
alectrwc. Tb preaanl plan it b uaa ari Ampwex 7703 tefroda,
- haa s wmam~ lnttwrange @50,~@m,Ua
caltmde blbww, The CW@o-blbwer frequency reaponso IS
e- 10 b flat up to -t 100 MHz. Tha SIWIIU ebctrtis
drive 50-ohm c8bbas dhetly.

In order 10 mlnimixe .Iacllon. trapping and possible
secondaw-olactron ●mbslon by trq2p8cf ●lectrons hllllng lho
fxam pips -n durtq rna g~ in the beam, me fxaaent dwed-
orbil smp41noebctrdeo will be Mo*fled ao they un b9 Mead
wtth a demlng hati volt~ @ ~ ~ul 1 kV, and mmnlam Ihe
50. OhIII back Ierminalbn At preaenl, there is no clearing
ekctr~ cyotem Inmllod In the rl~. In addlbn, slnco Iho
proswrt apafiure Ilmilallon ~eoms to be In Ihe ebclrodoa
Ihemsdvos, me pbr, ra to ricreaaa m. pidup apmura,

Tho w@a-Mnd signal procosamg syalem used Wh Ihwsa
p@LIpc is shown m Figure 2. H@h-trequency banda era down.
COnvefled 10 a 0. 10 7$MHx baaaband wilh a local oscillator
phaae.wed 10 me 201 .MHz ln~lbn mcdulatbn, A comb
filler, wim 30 b 40 ~ docp IWchae at evefy hamtnw of 279S
MHz, attonumoa me revolution harmonics 10 allow belter
moaouromenl of fho bofatron ~ strucluro. These eq~a!z
are dlgmz~ in a 10-bll, 200-MHz .sampb. ralo Iran-lent

wsvoform dtgitlzer wtth a 04k buffer rnomory 4 An 8.POIO
75-MHz Iow.past flltor la ktclu~ to prevent s~nal allasmg,
The large buffer memo~ abwa d@ifldnQ up 10 320 ysac of
beam storage Ilme In ftu PSR AIWf the data ●ro digillzed and
~lorgd, they ●re lranoferf~ fO a Mk~ VAX Compul.r for FFT

m
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FIGURE 2. Bbch dlaofam 01 Ihe I’u@froquoncy wgnal
procecalng clrcull uoed with the Ircnsionlwavolorm dqlllzw
and Ihe fasl Fourlar Irhnstor I analysis

ExIMm9!LuM

‘he extrecled. bea,n pdlse IS a s,,, gle ,270. nsec long beam

bunch conlalnmg up Ip 5 x 10’3 protons w!lh no well -detmed
mlcrostruc[ure. The presenl beam posmon syslem, based on
deteclmg the 201 .MHz mm~nenl, WIII be replaced wItf’I a new
Syslern that uses ballisuc Integration 10 derwe signals
proporhonal 10 Ihe Iolal charge in the mam bunch, The ballisl,c
Inmgralion IS follow~ by Icg. ralm prccessmg 10 provtde a signal
nearly linear m barn displacamenl from the cemer, A block
diagram IS shown m Figure 3,

v- ->” u r-l::’0 t---

FIGURE 3. Ello& dl~ram 01 Iha ballistic lnt~ralor, Iog.ratio
beam fmm!bn circuit ~Ing designed br ma ●xlracuon hne,

Balllctlc Intagrstbn IS baolcally shock .excilallon 01 a
Passhfe, bw-froqwtcy, high-Q resonant crrcuit. If [ha panod 01
the roaonant Clrcuil la of the order of 59 limos the duralbn of
tha oxcllallon s!gnal (here about 270 nsoc), the maximum
voltage ~e~ acro$a tha circuit la Idepencml of Ihe deladed
Iemporki wavoah@g of ma Inalantanwa current, ●nd dependenl
only On the lolal cha~. Fw It!e ●mve ca$a, wllh a beam bunch
about 270 nssc brig, an LC Circuit with C - 2 nF, L . 1,26 ml+,
and (1 -3S provkles a dam~ rmotwrt signal wllh a period T .
10 IAX, A quaqer of a period ●ffor pamege of Iho beam pulse,
Ihc voltago on the ~achor Is

wfmrd x lo tfw bom dleplactmam from the cmler, the cmsmnt IS
a parmelor ~ndng on the electrode geometry ●nd the warn
{clocily, snd /(x, r)_/(0,1) “(f i III) la the excitation currunt
The Inlagrat.d MWMLMI ●lectrode dgnalo are Ihon Ilald In a
Sample. and. hold ckcuit and pmcecsed by fwm Iog. ralio cwcults
with Iargo ampllt@a dynmh ra~ec,

Ono of the baluroa of l~e ballislk Intogratlon of the
mdlvldual ●l~lrode Cignala prbr 10 Iho 1~.ralm proco$smg IS
that Iha roaullant Posilbn signal Is a curronl. walghted value
rathar Ihan Ihe normal Ilme. avorago value, soeclflcall~, Ihq

Wwtlon wgnd la appoxlmalely of tie form

J
1( I )/ fo, I)dl

(1)=

J-
/(,1,1 )d#

In acceloratoro where beam currants arc very high and
mwumizallon of barn Ioocen are Imprlant, curr~nl weqhted
posmcm averagec are important Wnwderalbno,

Commercial omglo.chip Iog.ratio clrculls wllh three
decade, O 5% Ilnearlfy and wllh bandwbdlho m Iha JOOs ot Kt~z
ala avadabla ~mmercialfy Fourdwde dynamic range can IN
oblalned uwng dlocrele malched.lranswlor pairs In f@QdbHch
loops of prcclslon Op. fatlonal amplifiers, fOllOW@d hy J



difference-amplifier clrcuil with tho proper lemperamre-
ciapandant gam 10 cancel fha IemWature depmanca of the bog
Iranswlors.

Tne advantage 01 the Iog. ralto cwcull In Ihe posluon
channel IS Ihal II proutdas a stgnal prcqmvonal 10 Ihe rauo of me
two Signals, and lherelore Independent of the exlractwl beam
charge. In mldmon, II IS nearfy Imear m lha dlsolacamenl of !fIe
beam from !he centerline. To hneanza the displacement. a
Computer-cwti bokup Mle WIII ba usad The ~-sum circuit
for the Mam m[anslty Sqnat IS bas,cally a dynamic range
compressor, whch can compress a mree-docada dynanmc rertge
of b9am mlenslry Into a voltage range Ihal can be digmzed Ey a
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